The crowded schedule of a crystallographer  by Purvis, Gail
Asked what had drawn her into the field of opto-
electronics, Dr Cole points to "a very enthusiastic
chemistry teacher" as a prime influence down
the chemical route, while a project on lasers at
school within the Oxford Trust (she had always
liked physics) "provoked her long standing inter-
est in optical phenomena."
With her subsequent degrees in chemistry and
mathematics, she discovered crystallography lies
between the two disciplines of physics and
chemistry, "born by Bragg in physics, but
enveloping chemistry, biology, and material and
structural science."
Of her research: "This comprises establishing
structure/property relationships in materials of
interest to the optics and optoelectronics com-
munity, the aim being to use this knowledge to
'structurally engineer' new materials for their
desired application."
And to realise that goal, a wide variety of struc-
tural techniques are used: X-ray and neutron dif-
fraction, anomalous X-ray scattering, EXAFS,
XANES, solid-state NMR, FTIR and inelastic neu-
tron scattering.
"Most of these experiments are carried out at
synchrotron and neutron central facilities in
France, the UK and the USA. Computational work
is also undertaken to complement some of the
experimental areas of study."
Does this mean collaborative work and are there
any major differences or advantages to the way
the French, US and UK facilities operate? 
"Most of the experiments in central facilities use
resources that are rare world wide. Everyone
works together and communicates their working
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The crowded schedule of
a crystallographer 
Since 1988, France and the UK have 
taken turns rewarding a young scientist
from the alternate country. The winner
must have undertaken excellent research
work, involving both countries that can
serve as a start for future collaboration.
Last year the Prix Franco–Britannique 
was awarded, by the UK, to Dr Marc Lecuit 
for his research on the microbiology of 
infectious diseases. This year, the 18th
annual prize has been the French 
award to the Cambridge University 
scientist, Dr Jacqueline Cole, for her 
crystallography work.  A Royal Society
University Research Fellow in the
Department of Chemistry at the University
of Cambridge, Dr Cole researches struc-
tures and properties' relationships in
materials of interest to the optics and
optoelectronics community.
Gail Purvis
Dr Jacqui Cole wins the 5000 Franco-British prize intended to allow recipients to establish or
deepen collaboration with scientists. Her candidacy was proposed by the Institut-Laue
Langevin, Grenoble, France, with whom she undertook her PhD, focused on the structural
studies of organic and organometallic compounds, using X-Ray and neutron techniques and
with whom she has continued to visit and collaborate on various experimental projects. 
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to a common scientific goal.There's little differ-
ence in the way people work, though there is
often the chance to pick up on new things," she
says.
"When I think of experiments, I think of the
particular specifications of the instruments I
need to use; which is best for the experiment,
then look at the facilities and choose the 
location.
"Crystallography people are working in similar
areas, but because of the limit to essential facili-
ties, they have to apply to do experiments with a
full scientific case, which is peer reviewed, so it
is rare to overlap with others and this generally
does not allow two people do the same experi-
mental work."
LED Potential
Dr Cole has experienced only one instance
when she worked in same area as a colleague,
and collaborated.
Among her present projects is "photo-induced
crystallography or the development of a new
crystallographic technique that will yield the
three-dimensional crystal-structure of materials in
their excited states." 
"Luminescent materials that have potential as
light-emitting-diodes are of particular interest
here, since structural perturbations arise from
the complex electronic charge-transfer processes
involved in the emissive state.
"The technique involves directing a pulsed laser
and X-ray beam on the sample.The X-ray pulse is
generated either by a chopper or by using the
inherent time-structure of a synchrotron, depend-
ing on the excited-state lifetime of the sample.
Complementary spectroscopic and theoretical
work is also being employed.
Determining the microstructure of rare-earth
phosphate glasses is another area of focus as
"these glasses exhibit a plethora of attractive
optical, opto-acoustic and magnetic properties,
originating from the highly disordered structural
arrangement of rare-earth ions within a phos-
phate network. "
"A whole host of complementary experimental
structural techniques are employed to piece
together average structures. Reverse Monte-Carlo
type simulations are also used, since they bring
together the pieces of information to produce a
united structural model. Crystalline analogues are
of substantial structural interest on account of
their propensity to be polymorphic.A related
program in understanding this polymorphism is
also underway."
"The phosphate glasses have attracted interest
as laser heads and they offer the possibility of
looking beyond the classic laser approach.
Specific characteristics looked for depends on
the people working on that area and what the
laser is wanted for - wavelength, more power,
polarization, the output light tunabilityand
practical flexibility."
Another arena of Dr Cole's interest is in "organic
non-linear optical materials where single-crystal
X-ray and neutron diffraction studies are con-
ducted on organic materials that exhibit Second
Harmonic Generation (SHG) or the frequency
doubling of light.
"Hydrogen-bonding, thermal motion and charge-
density analyses are employed to understand the
electronic charge-transfer processes that dictate
this phenomenon.
"Predictions of new non-linear optical materi-
als using data-mining strategies and mathemati-
cal algorithms (with the Cambridge Structural
Database) is an increasing area of this work
and the studies exploit the structure/property
Portrait of an all-rounder who enjoys running and playing
squash badly, not to mention film and arts and theatre.
Her French? "That can get a bit rusty," she admits though
her acceptance speech certainly has the human touch.
"J'ai tout particulièrement aimé le temps que j'ai passé en
France, non seulement pour la science mais aussi pour la
culture, la beauté des Alpes aux environs de Grenoble, la
vie trépidante de Paris, et bien d'autres choses.
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relationships of non-linear optical materials 
at both molecular and supra-molecular 
scale."
Thermal diffusion scattering (TDS) is her fourth
project that involves investigation of disorder in
crystal structures.
"Disorder is usually characterised by deducing
basic models, using traditional structural analysis
and consideration is primarily given to the Bragg
scattering from the diffraction pattern.
"But a wealth of information can also be drawn
from the diffuse scattering 'surrounding' the
Bragg positions, in cases where molecular disor-
der is prevalent.This project seeks to unravel the
nature of the disorder in chlorobenzene deriva-
tives, which is responsible for their anomalous
dielectric properties.
This eclectic range of experience in equipment
and optical materials she works on would seem a
sound basis for consultancy.Was that an area of
interest? 
"I've been asked to work as a consultant, but I
have had to refuse as I'm too busy," she admits.
At present as well as working on her four prime
interests, Dr Cole is also writing a book, tenta-
tively entitled "The Structural Property
Relationships in Materials Science:A
Crystallography Perspective." This is due to be
completed this summer for publication next
year.
Has she had any feed back on her published
work? "In terms of my publications, I have had a
lot of requested for reprints and all of those
requested from my non-linear review work have
come from industry," she says, admitting to being
pleased by the interest which doubly justifies her
work.
"What I'm doing using chlorobenzenes is to
understand the structural disorder in materials,
applying temperature with reverse Monte Carlo
techniques in the hope of developing 'disorder'
more systematically.
But if Dr Cole turns away consultancy, she's not
proof against helping in the development work
of new instrumentation.
"There are always newer and better machines.
Part of my research has been in developing
instrumentation, where I work with engineers
and physicists and build something new.
"The time-resolved project involves a lot of
instrumentation development. One area of work
is the mechanical chopper working in microsec-
ond for pulsing x-rays to get time resolved dif-
fraction at a central facility and more technical
work will happen there.
Instrumentation development
"I also undertake test work for the commission-
ing of new instrumentation built by industry that
wants scientist to test new materials to see what
works best.
"Commission work is great, you get to play
with new development and find the limits and
test with free rein.You also get to be first to
publish on new technology when you're
involved in building one of the first and being
one of the first to use the instrumentation.
The time resolved chopper work was under-
taken in Daresbury, UK and commissioning
work was carried out at the Grenoble Institut-
Laue Langevin." 
Her University page carries as its last entry:
Enquiries for PhD studentships in any of these
topics (experimental or theoretical) are equally
welcomed from chemistry or physics students.
What response does that draw?
"I get so many emails, far more than I could
ever take on, due to my own limited resources
and department resources. It all depends on
time, and doing things in different years.At
present I have (it's a transitory stage) got two
and a half student and I am about to take on a
post doctoral researcher, but this fluctuates
depending on the developmental state of each
project."
Model deformation density map of the pyridine group of
the non-linear optical material, 'MBADNP' 
(methylbenzylaminodinitropyridine). Blue, red, black lines
are positive, negative and zero electron density.
